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Abstract — The frontal area in the brain is known to be involved 
in behavioral judgment. According to event-related potential 
(ERP) studies about visual processing and language processing, 
we hypothesized that, in Kanji (also called Chinese characters) 
character discrimination, (1) the frontal ERP waveforms reflect 
the discrimination process from 200-250ms after stimulus onset 
and that (2) the discrimination process in the frontal ERP 
waveforms coincidentally appears with that in the left posterior 
temporal ERP waveform, which seems to be related to Kanji 
lexical access. To examine these hypotheses, we analyzed ERPs 
while performing a Kanji discrimination task where subjects 
had to discriminate between Kanji and other characters. As 
the results, (1) the frontal ERP waveforms showed significant 
differences from 217ms after stimulus onset between different 
character types. (2) The left posterior temporal ERP waveforms 
also showed a significant difference from 223ms. These results 
supported our hypotheses. Therefore we suggest that, in Kanji 
character discrimination, lexical access for Kanji characters in 
the left posterior temporal area is related to the discrimination 
process in the frontal area. Also, we found that the frontal ERP 
waveforms around 160ms after stimulus onset may be related 
to Kanji perception or a discrimination process based on the 
perception. 

Index Terms — Kanji, Character discrimination, Event-related 
Potential, Perception 

I. Introduction 

The frontal area in the brain is known to be involved in 
behavioral judgment in a given circumstance [1]. For example, 
when subjects were asked to give or not give a response 
depending on a situation, event-related potentials (ERPs), 
recorded from electrodes on the frontal area showed clear 
amplitude differences between trials when subjects responded 
and when subjects didn't respond, which suggests that the 
frontal ERP waveforms are related to the judgment [2]. 

Using this nature of ERPs, several studies [3], [4] reported 
that, even when requiring a demanding visual processing, the 
brain can decide a behavioral judgment from around 150ms 
after stimulus onset. For example, in such a study [3], the 
subjects reported if a natural image presented contains animals 
or not by responding or not responding respectively. The 
images were new to the subjects and not repeatedly presented. 
For each animal image, the subjects didn't know the kind, 
number, size, and location of the animals a priori. Although 



such a demanding task, the frontal ERP waveforms showed 
clear amplitude differences from around 150ms after stimulus 
onset when a presented image contained animals and when it 
didn't, reflecting the judgment in the brain. Such an animal 
detection may be a special case, because that function may 
be acquired during evolution for biological advantages to 
survive. However, it is shown that artificial objects such as 
cars are similary quickly processed [4], [5], which suggests a 
possibility that such a rapid visual processing is common for 
visual discrimination. 

In this paper, we examined if it is true when language infor- 
mation is involved, because it is suggested that, in language 
processing, different mechanisms are involved in addition to 
visual analysis. In word recognition, it is generally assumed 
that words are processed in the two stages: visual analysis, and 
semantic and phonological retrieval [6]. Firstly the form of a 
presented word is visually recognized, and then the meaning 
and sound of the word are retrieved. The latter stage is also 
called lexical access. It is suggested that lexical access for 
words occurs 200-250ms after stimulus onset [7], [8] 

Kanji (also called Chinese characters) is a Japanese lo- 
gogram system. Kanji characters have at least three different 
characteristics from European alphabets. First, those visual 
forms are relatively complex (ex. see Fig.l). Second, a single 
Kanji character has one or more sounds to be pronounced 
and often has a meaning by itself. Third, there are many 
Kanji characters (about 2,000 Kanji characters are commonly 
used in Japanese). An ERP study suggests that a single Kanji 
character is processed like a word [9], probably due to these 
characteristics. Therefore, in Kanji character discrimination, 
we hypothesized that the frontal ERP waveforms reflect the 
discrimination process from 200-250ms after stimulus onset, 
differently from the results in visual scene analysis [3], [4]. 

To examine this hypothesis, we recorded and analyzed 
subjects'ERP waveforms while performing a kanji discrim- 
ination task. In this task, the subject had to discriminate 
Kanji characters from Hiragana characters. As a control, we 
used Hiragana (a Japanese phonogram system) characters, 
because Hiragana characters are easily visually discriminable 
from Kanji characters, and have different characteristics from 
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Fig. 1. Experimental task 

Kanji characters (a single Hiragana character has only one 
sound and the number is small, 46 characters). Also because 
Hiragana characters can be classified into the same category 
(Japanese characters), we can attribute differences in ERPs to 
differences in the restricted category, i.e. Japanese characters. 
But if we use another stimulus belonging to another category, 
its interpretation is often difficult (ex. Japanese characters vs. 
object images). 

If the hypothesis is true, the result suggests that difference 
in the frontal ERP waveforms may be due to lexical access 
for characters. Therefore, in that case, we further hypothesized 
that the difference in the frontal ERP waveforms coincidentally 
appears with that in the left posterior temporal ERP waveform, 
which seems to be related to Kanji lexical access. Because 
patient studies [10] suggest that Kanji characters are stored 
in the left posterior temporal cortex and an ERP study [11] 
suggested that the left posterior temporal ERP waveform 
reflects Kanji perception. Therefore we also examined this 
hypothesis. 

II. Methods 
A. Kanji discrimination task 

The experimental task is depicted in Fig.l. In this task, 
the subjects were asked to discriminate Kanji characters from 
Hiragana characters presented on a PC monitor. (1) The subject 
clicked the left mouse button to start a trial. (2) Then a black 
screen was presented for a random delay (1.8-2. 2s) and (3) 
either a Hiragana or Kanji image was presented briefly (83ms). 
(4) The subject had to report if the presented image was 
Hiragana or Kanji by clicking the left mouse button or not 
clicking it respectively. This brief presentation of an image 
is to prevent exploratory eye movements [3], because an eye 
movement is an artifact for ERP recording. The trial image 
order was pseudo-randomized. The images were presented in 
a 17 inch PC monitor located at 100cm away from the subject. 
Five subjects (23-35 years old) participated in this experiment. 

We used a Kanji database which stores the known rates 
of Kanji characters examined by a linguistic study [12], 



and selected 600 characters from the most common Kanji 
characters which have 100% known rates in the database. The 
images of Hiragana characters were presented twice. Thus, the 
numbers of Kanji and Hiragana characters presented were 600 
and 92 for each subject. Each character image was represented 
by the combination of the white lines on a black background, 
based on the MS Gothic font (16x16 points). The size of the 
images was 7.9° x7. 9°. 

B. ERP recording 

The electroencephalographies (EEGs) were recorded from 
21 scalp electrodes (Fpz, Oz and 19 electrodes according to 
the international 10-20 system) with an electrocap (Electro- 
cap international). Fig. 2(a) shows the electrode placements. 
A ground electrode was placed on the forehead. All scalp 
electrodes were referenced to linked earlobes. Simultaneously 
electro-oculograms (EOGs) were recorded from 2 electrodes 
one placed below the right eye and the other on the left outer 
canthus. The signals were amplified and 0.5-100Hz band-pass 
filtered by an amplifier (BIOTOP, NEC). The impedance of 
electrodes was kept under lOkfL The signals were stored 
into a PC with a 5 1 2Hz sampling rate. To reduce line noise, 
the signals were digitally low-pass filtered below 40Hz. For 
each electrode, the average voltage in the preceding 100ms 
interval before stimulus onset was used as the baseline in the 
trial. Trials containing 70/tV EOG amplitude were removed 
from the subsequent analyses. For each electrode, a subject's 
single trial EEGs were taken from 100ms before to 500ms 
after stimulus onset in all correct trials, in which the subject 
behaviorally correctly discriminated characters presented. If 
necessary, we removed artifacts from those EEGs with ICA 
[11], [13], [14], [15]. A subject's ERPs were obtained by 
averaging the subject's single trial EEGs. The grand averaged 
ERPs were obtained by averaging ERPs across subjects. 

III. Behavioral results 

A prerequisite of ERP analysis is that the subjects behav- 
iorally discriminated the presented characters while we were 
recording their EEGs. To examine this, we calculated the 
average correct rates across subjects for each character type. 
The average correct rates in Kanji and Hiragana character 
presented trials are 98.4%, and 99.2% respectively. These high 
correct rates suggest that the subjects carefully watched and 
correctly discriminated the presented characters. Therefore we 
conclude that measured ERPs can reflect the visual perception 
and discrimination processes for Kanji characters in the brain. 

IV. ERP RESULTS 

A. Grand averaged ERP waveforms 

Fig. 2(b) shows calculated grand averaged ERP waveforms 
at all electrodes. In each panel, we plotted the voltage at each 
time point separately for Kanji and Hiragana trials at each 
electrode. The abscissa is the time after stimulus onset and the 
ordinate is the voltage. The arrows indicate ERP components, 
P100, N170, P250, N320, VPP (Vertex Positive Potential), 
and P300. Those ERP components are known to appear to 
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Fig. 2. (a) Electrode placement (b) Grand averaged ERP waveforms at all electrodes 



presented words or single Kanji characters [9], [11], [16]. 
Therefore we conclude that the ERP waveforms were reliably 
measured while performing the task. 

B. Frontal ERP waveforms 

To examine the differences in the frontal ERP waveforms 
between Kanji and Hiragana trials, we calculated the dif- 
ference waveforms by subtracting the grand averaged ERP 
waveforms of Kanji from those of Hiragana. As an example, 
Fig. 3(a) shows the difference waveform at the frontal Fp2 
electrode. The figure format is same as in Fig. 2(b). A large 
difference appeared from around 170ms after stimulus onset. 

To statistically examine the differences in the ERP wave- 
form [3], we conducted a series of paired t-tests at each time 
point about the mean ERP amplitudes across subjects between 
Kanji and Hiragana trials. In Fig. 3(b), we plotted the time 
course of t-scores and showed significant time periods. The 
horizontal broken lines indicate the significance level (p=0.05, 
|i(4) |=2.776) and the gray areas indicate the time periods with 
significant differences between Kanji and Hiragana trials. To 
determine the onset of differential activities between Kanji 
and Hiragana trials, we used a criterion used in the study [3] 
that is the onset is given by the fist time point followed by 
at least consecutive 15 significant time points. According to 
this criterion, the differential activity started from 217 ms after 
stimulus onset. 

We conducted the same analysis for other frontal ERP wave- 
forms and obtained similar results. To summarize the result, 
the significant time periods in the all frontal ERP waveforms 
are shown in Fig. 4(a). The abscissa is the time after stimulus 
onset. The gray areas indicate the time periods with significant 
amplitude differences between Kanji and Hiragana trials. The 



differential activity started from 217ms after stimulus onset at 
the Fpl, Fp2, F8, Fz electrodes, Thus, these results support 
our first hypothesis. It suggests that the observed differences 
in the frontal ERP waveforms can be due to not only visual 
analysis but also lexical access for characters because of the 
time period. 

In addition, we also found that, as can be seen from Fig. 4(a), 
there were transient significant differences around 160ms after 
stimulus onset at the Fp2, F4, F7, Fz electrodes. Because this 
time period is before lexical access occurs [7], [8] and after 
Kanji perception occurs in visual areas (around 130ms after 
stimulus onset in the T5 and Oz electrodes) [11], activities 
in the frontal area in this time period may be related to Kanji 
perception or a discrimination process based on the perception. 

C. Left posterior temporal ERP waveforms 

Next, we examined the second hypothesis that the difference 
in the frontal ERP waveforms coincidentally appears with that 
in the left posterior temporal ERP waveforms, which seems to 
be related to Kanji lexical access. 

Fig. 3(c) shows the difference waveform between Kanji and 
Hiragana trials at the left posterior temporal T5 electrode. As 
can be seen, there were two peaks: a small peak around 130ms 
and a big peak around 280ms after stimulus onset. 

With the previous procedures, we statistically analyzed the 
difference in the ERP waveforms. The time course of i-scores 
and significant time periods are shown in Fig. 3(d). The figure 
format is same as in Fig. 3(b). As can be seen, the time periods 
around the two peaks were significant. The first significant 
time period during 121 -143ms (12 time points) corresponds to 
the time period where an ERP study [11] reported in relation 
to Kanji perception. 
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Fig. 3. Difference waveforms and t-score time courses at the (a) Fp2 and (b) 
T5 electrodes 



According to the criterion about the onset of differential 
activities [3], the differential activity started from 223ms after 
stimulus onset. Significant time periods in the T5 ERP wave- 
form is summarized in Fig. 4(b). As can be seen, the significant 
differences in the frontal ERP waveforms from around 220ms 
after stimulus onset almost coincidentally appear with that in 
the T5 ERP waveform. Thus, this result supports the second 
hypothesis. 

V. Conclusion 

In Kanji character discrimination, we hypothesized that (1) 
the frontal ERP waveforms reflect the discrimination process 
from 200-250ms after stimulus onset and that (2) the discrim- 
ination process in the frontal ERP waveforms coincidentally 
appears with that in the left posterior temporal ERP waveform, 
which seems to be related to Kanji lexical access. To examine 
these hypotheses, we recorded and analyzed ERPs while 
performing a Kanji discrimination task where the subjects had 
to discriminate between Kanji and Hiragana characters. 

(1) The frontal ERP waveforms showed significant differ- 
ences from 217ms after stimulus onset between Kanji and 
Hiragana trials. (2) The left posterior temporal ERP waveform 
also showed a significant difference from 223ms after stimulus 
onset. 

These results supported our hypotheses. Therefore we sug- 
gest that, in Kanji character discrimination, lexical access for 
Kanji characters in the left posterior temporal area is related to 
the discrimination process in the frontal area. Also, we found 
that the frontal ERP waveforms around 160ms after stimulus 
onset may be related to Kanji perception or a discrimination 
process based on the perception. 

In future studies, ERPs between when lexical access is 
involved and when it isn't should be directly compared in the 
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same task. And it is also necessary to study Kanji character 
processing in word and sentence levels. 
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